case report J Neurosurg pediatr 17:612-617, 2016 V ascular anomalies are disorders of the endothelium that can affect capillaries, arteries, veins, or lymphatics. The field of vascular anomalies is confusing because numerous types of vascular anomalies exist and many practitioners use imprecise terminology. For instance, the term "cavernous hemangioma" was used to describe venous malformations.
The patient had first presented to the pediatric general surgery clinic with a persistent cough and neck spasms when she was 8 years old. Chest radiography and CT scanning demonstrated a posterior mediastinal mass. In May 2004, she underwent exploratory video-assisted thoracoscopic surgery for biopsy of this mass, which revealed the diagnosis of a venous malformation. MRI before an open attempt at resection demonstrated this mass to be in continuity with a circumferential epidural mass extending through the T-1 and T-2 neural foramina on the right. Her chief complaint was relieved after the second surgery, though significant hemorrhage and a right Horner syndrome complicated this intervention. In addition, the MRI showed an (at that time) incidental finding of a Chiari I malformation with descent of the cerebellar tonsils by 9 mm (Fig. 1A) . There was no associated syringomyelia or other intracranial abnormality. She developed exertional headaches and nuchal pain in 2005 (Fig. 1B) and underwent a Chiari decompression (3-cm suboccipital craniectomy, C-1 laminectomy, and generous duraplasty) in March of 2005 (Fig. 1C) . Since 2007, she has been undergoing constant follow-up with the neurology clinic for management of migraine headaches. She underwent annual MRI to assess the vascular malformation for interval change. She remained asymptomatic from the residual venous malformation until October 2013.
An MRI in 2013 demonstrated the residual mediastinal venous malformation with stable extension into the epidural space of the spinal canal ( Fig. 2A and C) . The Chiari malformation appeared adequately decompressed, although the subarachnoid space was effaced (Fig. 2B) . Moderate epidural lipomatosis was present inferior to the venous malformation (Fig. 2D) . A new syrinx (measuring 4 mm in largest diameter at C-7, and 3 mm in largest diameter at T-2 and T-5) extending from C-6 to T-5 was identified, and was hypothesized to have developed secondary to venous hypertension restricting the egress of CSF from the central canal, direct compression of the spinal cord by the venous malformation, or effacement of the subarachnoid space by the venous malformation ( Fig. 2A  and C) . Presyrinx was present above and below the syrinx. Notably, she had been receiving oral contraceptives for amenorrhea 6 months prior to developing her neurological complaints.
A spinal angiogram was negative for arterial supply to the malformation from the aorta or intercostal, subclavian, or vertebral arteries, excluding a fast-flow lesion. Results of a D-dimer test were normal, and evaluation by a hematologist revealed no evidence of a hypercoagulable state. Because of the patient's neurogenic claudication in the setting of a new syrinx, surgical intervention was suggested.
The lack of symptoms referable to the Chiari malformation led to the recommendation of a multilevel decompressive laminectomy with resection of the dorsal and lateral components of the epidural mass, with the goals of both direct decompression of the thecal sac and normalization of the venous pressure within the spinal canal to allow resolution of the syrinx. In February 2014, the patient underwent a C6-T5 osteoplastic expansile laminectomy to expand her spinal canal, with resection of the venous malformation along the length and width of the exposure. The mass was fibrous and filled with large, thin-walled vascular channels that were readily compressible. A single phlebolith was identified. A lipomatous component was present at the inferior aspect of the exposure. The resection was accompanied by an expected significant blood loss of 2 L, and a massive transfusion protocol was used intraoperatively to maintain hemostasis. The thecal sac began to pulsate at the termination of the resection, evidence that the normal flow of CSF had been restored. Neither the ventral component nor the mediastinal component of the malformation could not be resected from this posterior approach. The pathological features of the resected specimens in 2004 and 2014 are shown in Fig. 3 . The mediastinal mass contained dense fibrous tissue with numerous dilated venous spaces (Fig. 3A ). An elastic-trichrome stain showed that these vascular spaces were not arteries, because they lacked an internal elastic lamina (Fig. 3B ). Some areas of the resection showed increased numbers of thin-walled venous channels (Fig. 3C ). The walls surrounding these venous spaces sometimes contained focal smooth muscle (Fig. 3D ). The pathology specimen from 2014 showed a fibrous nodule ( Fig. 3E ) with a wall made of collagen and circumferential smooth muscle tissue ( Fig. 3F ) with no recanalization, consistent with a thrombosed vein.
Postoperatively, the patient was relieved of the neurogenic claudication but experienced altered dorsal column sensation in her lower extremities, presumably secondary to epidural coagulation of the malformation, decompression of the spinal cord, or altered CSF dynamics. She was placed on a regimen of gabapentin therapy. The patient was discharged to a pediatric rehabilitation institution for reconditioning. She wore a Minerva brace at all times when out of bed to promote spinal fusion and minimize the chances of postlaminectomy kyphosis. Within a month after her surgery, while in rehabilitation, the patient developed transient bilateral abducens nerve palsies. Her longstanding amenorrhea resolved, and her headaches improved. We speculate that the expansion of the intracranial subarachnoid space with decompression of the pituitary gland that was apparent on a postoperative brain MRI may have contributed to the resolution of her amenorrhea (Fig. 4) .
Percutaneous sclerotherapy was suggested to obliterate the residual venous malformation and to prevent growth of the malformation and possible recurrence of neurological symptoms. Two months after the spinal surgery, the right mediastinal/paravertebral venous malformation at the level of the T1-2 vertebral foramina was accessed using a 22-gauge 3.5-inch long spinal needle under CT fluoroscopic guidance. The venous malformation was injected with 7 ml of iopamidol 300 (Isovue, Bracco Diagnostics Inc., BIPSO GmbH) and serial CT venograms were obtained. The contrast flowed toward the epidural space through the T1-2 vertebral foramina. Following the opacification of the mediastinal and epidural venous malformations, a mixture of 4 ml of 3% sodium tetradecyl sulfate (Sotradecol, Mylan Institutional) and 4 ml of iopamidol 300 was injected into the venous malformation and serial images were obtained, showing good opacification and coverage of the epidural venous malformation (Fig. 5 ).
An MRI obtained 6 months after surgery revealed the complete resolution of the syrinx (Fig. 6A and B) . The mediastinal mass was no longer apparent (Fig. 6C) . The patient's diplopia and sensation had returned to normal. In the 18 months since surgery, the patient has been weaned from her brace. She has had progressive bony fusion of her expansile multilevel laminectomy and no development of kyphosis. Her headaches have been minor, intermittent, and easily controlled with over-the-counter medication. She has been weaned off of the gabapentin. She continues to receive riboflavin, magnesium oxide, and Topamax for migraine prophylaxis.
discussion terminology
Mulliken and Glowacki proposed a biological classification of vascular anomalies, and correlated their clinical features, natural history, and cellular characteristics. 19 This classification was adopted by the International Society for the Study of Vascular Anomalies (ISSVA), and is now recognized worldwide as an official system for classification of vascular anomalies. It classified vascular anomalies into 2 subgroups: neoplasms and malformations. Avascular malformation is defined as a congenital or developmental morphogenic anomaly of various vessels with a normal growth rate and normal endothelial turnover; this category has been subdivided into 2 subgroups: slow-or low-flow malformations, and fast-or high-flow malformations. The former include capillary, venous, lymphatic, and mixed malformations. The previous terms "cavernous hemangioma" and "cavernous malformation," and "cavernous angioma" have been abandoned (though they are still widely used in clinical practice), and the new term "venous malformation" is used in the ISSVA classification. The reports in the literature describing "cavernous malformations" in the epidural spinal space are likely reports on venous malformations. Pure nonvertebral spinal epidural venous malformations are relatively rare, and about 100 cases have been reported in the literature. 25, 30 These are particularly rare in the pediatric age group, 29 and are known to occur over a range of 15-79 years of age. 16 The ISSVA classification was updated in April 2014 and has subclassified venous malformations as common, familial cutaneo-mucosal, blue rubber bleb nevus (Bean) syndrome, glomuvenous malformation, cerebral cavernous malformation, and other. 13 The child in this report had no evidence of blue rubber bleb nevus (no blue rubber nevi), Klippel-Trénaunay (no congenital overgrowth of soft tissue and bone, of an extremity or otherwise), or Maffucci syndrome (absence of multiple enchondromas or soft-tissue venous malformations). The recently described CLOVES syndrome, which stands for congenital lipomatous overgrowth, vascular malformations, epidermal nevi, and scoliosis/skeletal/spinal anomalies, can be associated with fast-flow vascular malformations.
1, 28 Although this patient did have moderate epidural lipomatosis, she did not meet other criteria for CLOVES syndrome.
1 A highflow vascular lesion was excluded in this patient based on angiography findings.
The presented case was likely a sporadic common venous malformation. The use of oral contraceptives for amenorrhea 6 months prior to the development of the neurological symptoms may have precipitated enlargement of the malformation with subsequent development of the syrinx. Venous malformations are known to enlarge in puberty under the influence of hormones, specifically follicle-stimulating hormone and growth hormone.
clinical presentation and imaging
Our patient presented several times with symptoms referable to the venous malformation. The initial presentation of persistent cough and neck pain may have been from compression of the mediastinal structures by the malformation. We believe that the Chiari malformation became symptomatic in 2005 secondary to effacement of the subarachnoid space by the venous malformation. Supportive evidence of this hypothesis is the fact that the subarachnoid space became so widely patent after the subtotal resection of the venous malformation, decompressing the patient's pituitary gland and allowing for the resumption of normal menses. Her cervicomedullary junction had much more ample CSF surrounding it at this time, as well. The third presentation, with the insidious onset of neurogenic claudication, is likely secondary to the development of a syrinx in the spinal cord in the area of the epidural venous malformation, though it could be secondary to compression of the spinal cord by the malformation or venous hypertension. The clinical presentation of a venous malformation can include pain, which is often sudden in onset and secondary to thrombosis or hemorrhage, a presentation distinct from our patient's. Other symptoms are referable to the location of the malformation 2,5-7,22 and can include radiculopathy and myelopathy. Transforaminal mediastinal extension of epidural dorsal thoracic spinal venous malformations ("dumbbell lesions") has been reported previously, and the negative thoracic cavity pressure has been postulated to facilitate the growth of these malformations toward the pleural cavity. 16 On MRI, the vascular malformation was hypointense on T1-weighted images, hyperintense on T2-weighted images, and brilliantly enhanced with contrast administration. Multiple large blood vessels were visible. The MRI features of intraspinal venous malformations are variable, as shown in reported cases. 6, 13, 15, 20, 22 Lesions with hemorrhage, liquefaction of hematomas, or intravascular thrombosis can have different signal on MRI or heterogeneous enhancement. 12, 33 A precise preoperative diagnosis based on imaging features is often difficult. Digital subtraction angiography has no role in the management of venous malformations as they are not well visualized and cannot be embolized, 11, 25 though digital subtraction angiography can be helpful in ruling out other types of vascular malformations.
Histologically, spinal vascular lesions can be differentiated by pathological examination. Enlarged venous channels lined by a single layer of endothelial cells and sparse smooth muscle cells characterize venous malformations.
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Immunohistochemistry may work as an adjunct for the differential diagnosis. Immunostaining for CD34 has been recognized as the most suitable and reliable diagnostic marker of endothelial cells. The positivity for smooth muscle actin but negativity for epithelial membrane antigen in the vessel walls favors diagnosing endothelial cells over arachnoidal or ependymal cells. Somatic mutations in TIE2 have been implicated in 40% of sporadic venous malformations.
management
Since a venous malformation is histologically benign and usually well marginated, gross-total removal should be attempted during surgical exploration. 21, 22, 24, 27, 31 For patients with lesions growing around vital structures (such as the vascular tree, spinal cord, or within the pleural cavity), total resection may come at the risk of serious complications. 3 We resected the dorsal component of the venous malformation but did not attempt to resect the ventral component because retracting the spinal cord in this location carries a high risk of paralysis. An anterior approach had been ruled out by the general surgeons, who recommended sclerotherapy for the mediastinal component. Preoperative sclerotherapy was not attempted because of the potential to cause an acute increase in venous hypertension, possibly accompanied by hemorrhage and catastrophic neurological decline.
We achieved an excellent result with a combination of resection and sclerotherapy. The patient has no neurological complaints other than her baseline migraine headaches. The restoration of normal CSF dynamics decompressed the pituitary gland and led to the resumption of normal menses. The syrinx resolved, and the malformation is not visible on MRI as of July 2015. The syrinx has resolved. c: Axial T2-weighted MR image at the level of the mediastinal mass (T1-2), demonstrating its resolution.
